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Abstract. The acetabular labrum is the connective tissue between femoral head and hip 
joint that acts like a shock absorber. Labral injury could happen after hip dislocation or 
internal derangement such as femeroacetabular impingement (FAI) syndrome. The 
surgeon usually attempts to repair or reconstruct the torn labrum to obtain the native hip 
biomechanical loading.  There has been no scientific evidence study for the different 
surgical techniques. Hip simulation machine was made to let a femur move in six 
conditions including flexion, extension, abduction, adduction, internal rotation and 
external rotation. The hip was compressed with a force of half of the body weight (350 N). 
The purpose of this study was to study pressurization in three labral conditions including 
intact labrum, labral repair and labral reconstruction. The machine was designed and 
simulated by SolidWorks software. A device’s controller had two mode including a manual 
mode to set zero before an operation and automation mode to move in six conditions and 
compressed with a force of body weight. After the construction, the machine was tasted 
by using counterfeit pelvis and femur. The device was reformed before a real taste. 
Dissected cadaveric pelvises were used and measured pressure through the film 
piezoresistive load sensors. The testing result was helped the surgeon to make a decision in 
surgery process. 
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1. Introduction 
 
Labrum is fibrous thickening rims of cartilage surrounding the socket of hip joint as shown in Fig. 1 that 
protects the joint surface, stabilize the hip socket by keep the femoral head inside the acetabulum [1,2] and 
distribute the loads and pressures of the articular surface [3, 4, 5]. The injury of labrum tends to chronical 
hip pain [6, 7, 8]. Hip pain and disability could occur from the acetabular labral tears after hip dislocation or 
internal derangement [9, 10, 11]. The acetabular labrum tears had 75% of an unknown cause and 25% were 
occurred by accident, excessive force, hip dislocation, hip degeneration, capsular hip hypermobility, and hip 
dysplasia [12]. 
 
 
 
Fig. 1. The component of hip joint and position of labrum.  
 
The occurrence of labral tears has increased with ages that caused by aging process and were thought to 
be from gradual tear due to repetitive micro-trauma. Under compression force of body weight in a neutral 
hip condition, the acetabular labrum resists the femoral head dislocation despite being detached from the 
acetabular rim. When the labral tear occurred, the hip stability decreased [5, 13, 14, 15, 16]. Treatment of 
labral tears depend on the severity of the symptoms and the specific characteristics of the tear and the 
surgical operation may be solved with either repair of the labral tissue using suture or using a local tendon 
to reconstruct the irreparable labrum depends on the type of tear and tears’ characteristics.  
This research aimed to develop a hip simulation machine and tested how the labral tear affect the 
pressure in the hip joint by compared the intact labrum with labral repair and labral reconstruction. The 
machine was designed to mimic a real human’s hip movement as abduction, adduction, flexion, extension, 
internal rotation and external rotation under constant body weight. The pressure sensor was used to 
measure in the hip socket to compare between intact labrum, labral repair and labral reconstruction 
conditions. 
 
2. Materials and Methods 
 
Hip simulation machine was created by SolidWorks CAD software (Version 2010; Mahidol University; 
Nakhon Pathom, Thailand) as shown in Fig. 2 to simulate the hip joint movement as adduction, abduction, 
flexion, extension, internal rotation and external rotation under constant body weight compression.  The 
designed machine had dimension 1.0 x 1.2 x 1.0 meter as width x long x height.  
 
Labrum 
Femur 
Pelvis 
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Fig. 2. CAD model of hip simulation machine. 
 
The machine was used to create the several of hip movements’ direction, which was constructed from 
aluminium profile by Aluminum Alloy 6063-T5 with yellow coating. The components of hip simulation 
machine were divided into two parts: the upper part that is used to control the force applied to the pelvis 
by the AC servo motor (model MSDA203A1A; Panasonic Corp.; Osaka, Japan) [17] and the bottom part 
which are used to control the motion of the DC motor and step motor. All of these parts are controlled by 
Arduino and the force applied is measured by load cells which are mounted on Z-axis as shown in Fig. 3. 
The maximum average weight of Thai people is 71.07 kg for men between 46-59 years [18] but the cadaver 
hip cannot receive that full load because the model has dissect many muscles, ligaments and tendons. 
During the test, in the Z-axis, AC servo motor was compressed constant force with a 0.5 times of body 
weight (350 N) on the vertical movement of the ball screw on the T-shape jig that used to install the testing 
hip.   
 
 
 
Fig. 3. Load cell S-type to measure the load in z-axis. 
 
The machine was moved in six directions as adduction (+X-axis), abduction (–X-axis), flexion (–Y-
axis), extension (+Y-axis), internal rotation (+Z-axis) and external rotation (–Z-axis). X- and Y-axis were 
moved by DC motors connected to ball screw, was controlled a position by encoders. Z-axis was rotated by 
a thrust ball bearing, which was controlled the ball bearing by step motor. The femur was cut at the mid-
shaft region and fixed with ball bearing on the plate as shown in Fig. 4. 
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Fig. 4. Hip joint was installed in neutral position. 
 
The AC servo motor can be works alternatively between the position control mode and the torque 
control mode. In this research, a torque control mode was used to generate the body weight force thought 
Z-axis by ball screw to a pelvis by controlling the constant load on the T-shape jig, using load cell to 
measure the force. The plate fixed the femoral shaft is placed on the X-Y slide table which moves in two 
directions. Flow chart of hip simulation machine to control a movement in X-, Y- and Z-axis and rotate 
around Z-axis was shown in Fig. 5.  
 
 
 
Fig. 5. Flow chart of hip simulation machine. 
 
The testing hip is held on a T-shape jig as shown in Fig. 6 with several screws which is exchangeable 
for different testing samples. The jig has an angle 150 degree to enclose the testing hip because the hip 
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width depends on gender, age, weight and height of human. Many slots with fillet are used to insert the 
screw fixing the testing hip. This experiment was divided into three testing cases:   
1. Adduction or abduction, the testing hip was held on T-shape jig and compressed by AC servo 
motor with constant load 350 N. If the loads exceed 350 N the servo motor decrease the torque to 
ball screw and increase the torque when the loads lower than 350 N. The DC motor moved the 
slide table to +X-axis for adduction and –X-axis for abduction. 
2. Flexion or extension, the testing hip was held on T-shape jig and compressed by AC servo motor 
with constant load 350 N. The DC motor moved the slide table to –Y-axis for flexion and +Y-axis 
for extension. 
3. External or internal rotation, the testing hip was held on T-shape jig and compressed by AC servo 
motor with constant load 350 N. The step motor rotated the table around +Z-axis for internal 
rotation and –Z-axis for external rotation. 
 
 
 
Fig. 6. T-shape jig for insert testing hip.  
 
The pressure sensitivity film (K-scan sensor, Tekscan Inc., USA) was used to measure the pressure in 
the hip socket with the versatile I-Scan tactile pressure mapping system that measures and analyzes 
interface pressure between two surfaces of cartilage, utilizing a thin and flexible sensor as shown in Fig. 7. 
The system was comprised of data acquisition electronics, sensors, and software to measure both force and 
pressure. The thin tactile sensor had the minimal interference between the objects surface, allowing the true 
interface pressure data to be obtained. 
 
 
 
Fig. 7. I-Scan system includes data acquisition electronics and sensor [19].  
 
The labrum was tested under three conditions as intact labrum, labral repair and labral reconstruction. 
The pressure sensor was inserted in the hip socket as shown in Fig. 8.  
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(a) 
 
 
 
(b) 
 
Fig. 8. The pelvis model: (a) Opened the hip socket and (b) Inserted pressure sensor in hip socket. 
 
3. Result and Discussion 
 
The result were divided into two parts as result of a hip simulation machine, was simulated under six 
conditions and result of pressure in hip socket under three labrum conditions.  
 
3.1 Hip Simulation Machine 
 
The testing hip was tested under six conditions by hip simulation machine as follow: Abduction and 
adduction were controlled by DC motor in X-axis as shown in Fig. 9. The DC motor controlled the ball 
screw to move the slide table X attached the femoral shaft in –X-axis as abduction with 20 degrees from 
neutral alignment and +X-axis as adduction with 10 degrees from neutral alignment as human activities [20]. 
The degrees of abduction and adduction were converted to displacement of X position and were counted 
the ball screw rotating by encoder. 
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Fig. 9. Direction of abduction and adduction from neutral alignment.  
 
The flexion and extension were controlled by DC motor in Y-axis as shown in Fig. 10. The DC motor 
controlled the ball screw to move the slide table Y attached the femoral shaft in –Y-axis as flexion with 20 
degrees from neutral alignment and +Y-axis as extension with 20 degrees from neutral alignment as human 
activities [20]. The degrees of flexion and extension were converted to displacement of Y position and were 
counted the ball screw rotating by encoder 
 
 
 
Fig. 10. Direction of flexion and extension from neutral alignment.  
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The internal rotation and external rotation were controlled by stepping motor around Z-axis as shown 
in Fig. 11. The stepping motor controlled a thrust ball bearing to rotate the rotate table Z attached the 
femoral shaft around +Z-axis as internal rotation with 20 degrees from neutral alignment and –Z-axis as 
external rotation with 20 degrees from neutral alignment as human activities [20]. The degrees of internal 
rotation and external rotation were counted by step motor rotating. 
 
 
 
Fig. 11. Direction of internal rotation and external rotation from neutral alignment. 
 
Many in vitro testing devices have been designed and used in various tests. The main purpose is to 
mimic the real daily activities such as the wear testing machine for dental crown application is mimic the 
human oral cavity condition [21], the hip joint simulator is mimic the load and angular displacements of 
two and three axes of hip rotation to test the wear and creep of metal-on-polyethylene bearing [22] and the 
mechanical simulator is mimic the cycling angular movement and loading to evaluate the hip wear 
performance [23, 24] and use of multi-axial wear machine [25, 26]. Hip simulation machine developed for 
this research applied AC servo motor to control the loading to be as close as constant body weight when 
the testing hip moving. Force measurement was recorded by load cells, which were placed in Z-axis and 
was adjusted by Arduino. The torque control mode determines the velocity of motor rotation. Thus, the 
velocity of the motor would affect the response of the motor; the quick rotation speed required a greater 
force. All testing conditions used twenty seconds for one cycle. 
 
3.2 Pressure in Hip Socket 
 
Twenty human fresh cadaveric hip joints from Department of Anatomy, Faculty of Medicine, Ramathibodi 
Hospital, Mahidol University were used in this research to tested under three conditions with randomly for 
left and right side as intact labrum, labral repair and labral reconstruction [27, 28, 29]. All testing hip had no 
evidence of traumatic diseases, infectious or tumoral lesions, or congenital bone malformation, including 
males and females; they ranged in age at the time of death from 60 to 80 years. Data were measured by the 
pressure sensor as shown in Fig. 12 to evaluate the pressure in the hip joint under six conditions. All results 
were shown in Table. 1.  
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Fig. 12. The pressure distribute on the pressure sensor from I-Scan system. 
 
Table 1. The maximum pressure in the hip socket under three labrum’s conditions and seven conditions 
of testing hip movement. 
 
Model Side 
Condition of 
labrum 
Maximum pressure (kPa) 
Neutral Flexion Extension Abduction Adduction 
Internal 
rotation 
External 
rotation 
A Left Intact 412 454 389 384 386 332 517 
A Left Reconstruction 395 546 338 407 425 478 459 
A Right Intact 247 488 394 349 328 350 528 
A Right Repair 440 432 388 462 493 493 589 
B Left Intact 655 476 772 617 678 631 738 
B Left Repair  523 493 805 566 687 591 722 
B Right Intact 395 387 428 531 472 320 658 
B Right Reconstruction 380 469 325 477 458 571 501 
C Left Intact 660 733 713 688 712 600 702 
C Left Repair  393 434 643 418 467 427 623 
C Right Intact 375 404 767 413 494 396 929 
C Right Reconstruction 312 363 765 352 433 237 693 
D Left Intact 333 257 558 322 339 291 668 
D Left Reconstruction 423 406 515 346 719 345 834 
D Right Intact 308 315 306 319 471 294 533 
D Right Repair 296 375 160 353 477 356 199 
E Left Intact 841 814 1,002 954 1,034 1,060 1,057 
E Left Reconstruction 608 770 308 946 132 513 189 
E Right Intact 460 504 415 470 503 490 808 
E Right Repair 498 436 490 540 540 388 702 
F Left Intact 329 338 393 358 271 439 387 
F Left Reconstruction 316 337 405 402 341 375 468 
F Right Intact 351 345 379 427 285 410 446 
F Right Reconstruction 295 343 397 305 291 380 248 
G Left Intact 230 317 252 380 212 329 228 
G Left Reconstruction 307 211 289 348 324 395 286 
G Right Intact 236 341 267 416 234 455 258 
G Right Repair 198 744 335 193 204 404 443 
H Left Intact 344 302 691 338 383 338 643 
H Left Repair  380 278 583 373 394 287 611 
H Right Intact 353 322 620 441 367 396 514 
H Right Reconstruction 328 615 692 411 509 594 695 
I Left Intact 729 691 520 683 918 623 785 
I Left Reconstruction 708 656 652 620 747 706 654 
I Right Intact 326 307 489 377 457 327 630 
I Right Repair 344 291 615 485 542 303 891 
J Left Intact 246 345 444 500 244 335 779 
J Left Repair  242 234 333 313 272 501 432 
J Right Intact 400 376 441 654 296 244 371 
J Right Reconstruction 327 346 390 615 315 383 156 
 
The compared average maximum pressure in hip socket between intact labrum and labral 
reconstruction under seven conditions was shown in Fig. 13. 
 
DOI:10.4186/ej.2018.22.2.117 
126 ENGINEERING JOURNAL Volume 22 Issue 2, ISSN 0125-8281 (http://www.engj.org/) 
 
 
Fig. 13. The average pressure in hip socket of intact labrum and labral reconstruction.  
 
The highest average maximum pressure in hip socket occurred under external rotation condition. 
Labral reconstruction reduces the pressure in hip socket in all conditions except flexion and internal 
rotation conditions. The compared average pressure in hip socket of intact labrum and labral reconstruction 
under seven conditions was shown in Fig. 14.  
 
 
 
Fig. 14. The average pressure in hip socket of intact labrum and labral repair. 
 
The highest average maximum pressure in hip socket occurred under external rotation condition same 
as shown in Fig. 13. Labral repair reduces the pressure in hip socket in all conditions except adduction 
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conditions. The difference of maximum average pressure in hip socket between intact versus labral 
reconstruction and intact versus labral repair was shown in Table. 2. 
 
Table 2. The difference percentage of maximum average pressure in hip socket.  
 
Condition 
The difference maximum average pressure in hip socket (%) 
Intact labrum and labral reconstruction Intact labrum and labral repair 
Neutral 7.35 4.82 
Flexion -7.59 2.47 
Extension 11.71 3.10 
Abduction 5.73 9.11 
Adduction 7.49 -1.65 
Internal rotation -2.83 1.83 
External rotation 20.99 7.24 
 
To consider the labral repair, the surgeon repaired the tear labrum that made the thickness reduces 
from the intact condition but the area increase as shown in Fig. 15. When r1 is a radius of intact labrum and 
r2 is a radius of labral repair. The reduced thickness made the maximum average pressure higher than the 
intact condition because the thin labrum loss function to absorb the body weight load and femoral head 
placed to close the pelvis that made the bone to receive body weight without shock absorber. 
 
 
 
Fig. 15. Top view and side view of: (a) Intact labrum and (b) Labral repair. 
 
The labral reconstruction was used the iliotibial band that had elastic modulus 111 MPa and poison’s 
ratio 0.418 [28] replaced for the tear labrum that had elastic modulus 33 MPa and poison’s ratio 0.478 [30]. 
To consider the material properties between iliotibial band and labrum, the elastic modulus was calculated 
from Eq. (1).   
 


E  
 
          
L
L
A
F

  (1) 
 
When considered the constant force, length and area of iliotibial band and labrum, the elastic modulus 
was inverse varied with delta L as shown in Fig. 16. Iliotibial band was harder than the labrum and absorbed 
the fewer loads from the body weight. The basic function of labrum was absorb the load from the pelvis 
but the iliotibial band was loss the basic function of labrum that made the maximum average pressure 
occurred under labral repair condition near the intact labrum than the labral reconstruction condition [29, 
31]. 
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Fig. 16. The stress-strain curve of iliotibial band and labrum.  
 
The surgeon should be repair the labrum when it tears because the average maximum pressure in the 
hip socket was occurred near the intact condition. 
 
4. Conclusion 
 
The hip simulation machine was constructed, which moved under six conditions including flexion, 
extension, abduction, adduction, internal rotation and external rotation under constant compression load 
and tested the pressure in hip socket with intact labrum, labral repair and labral reconstruction. This 
machine could create the natural hip movement and useful for cadaveric laboratory testing in different 
surgical techniques.  The testing result was helped the surgeon to make a decision in surgery process. 
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